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i>7i I uibine a ga/. a bobines multiples, du t>pe do cellos 
munics J'uno concluite intereompresscur annulaire 
reliant im comprcsscu r basse pression a un autre etage de 
coinpressem . et disposant d un disposilif de puree 
amehore pcrmcltant de purger une quant :te var iable daa 
vie la e« Miduae lorsque la turbine tonciionnc a charge 
partielle I e dispositil do purge comprend des ouvei . "-;s 
diNposees Mir la circonterence extcrnc de la paroi de !a 
conduitc el des deOecteurs dair auotants destines a 
dev lei 1 an eireulanl dans la condui'c v ers lexterieur. via 
les ouvei lines de ul paroi externe Selon la presente 
un eni ion. les detlecteurs d ";»••* sunt des v olets tonnant un 
at ran j em et:! circonterentiel et les j lem cuts detanchcile 
soul soitdancs des volets et server:! a inierelier !es bords 
laler.iu\ des \ olets adjacent a., a d'ehmmer presque 
entie:ei::e*^ ! c*. oulemcnt d'air radial cntrc les volets 
.ulj.KeiM-. 


iv> \ multi-spool Lia> turbine en Lime or" the t> pe ha\ mg 
an annular inter compressor duct connect ing a low 
pressurj compressor to a Pun her compressor stage, and 
hav in;j anpro*. ed bleed means tor bleeding olf a variable 
.t:i!t»a::t a.r trorn the duct when the engine is being 
operated at partial load I he bleed means comprises 
opening means- arianged ciu umt'crentiallv around the 
outer wall o! (he Iik:. and pivotallv mounted air 
deflectors tor dellccung .iir flowing in »hc due: 
outwardlv through the openings m rhe outer wall o! the 
duel In accordance w till !hc invention, the air dctleclois 
are tlaps form!:.!: a cu l an: teient iaS arras, and sealing 
elements are provided movable with the tlaps and 
interconnecting the s»dc edges ,»*' adjacent llaps to largeh 
prevent radial flow o! a:: : vtwecn a.ijacent tlaps 
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Abstract of the Disclosure 

A multi-spool gas turbine engine of the type having an annular Inter 
compressor duct connecting a low pressure compressor to a further 
5 compressor stage, and having improved bleed means for bleeding off a 
variable amount of air from the duct when the engine Is being operated at 
partial load. The bleed means comprises opening means arranged 
circumferentially around the outer wu. of the duct, and ph/otally mounted 
C!f deflectors for deflecting air flowing in the duct outwardly through the 
1 0 openings in the outer wall of the duct. In accordance with the Invention, the 
air deflectors are flaps forming a circumferential array, and sealing elements 
are provided movable with the flaps and interconnecting the side edges of 
adjacent flaps to largely prevent radial flow of air between adjacent flaps. 
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COMBINED BLEED VALVE AND ANNULAR DIFFUSER 
FOR GAS TURBINE INTER COMPRESSOR DUCT 

Background pf th e jnypntfnr. , 

J Technical FteM of T hc Int/Pgrf ^ 

The present invention relates to gas turbir.es. especially flas turbine 
aeroengines adapted for terrestria, uses such as generation of electricity. 

2. Backqm un ^ Ar T 

Gas turbine aeroengines are sometimes adapted for terrestrial uses in 
wh,ch a constant speed is required, for example a .pee J of 3.000 or 3 600 
rpm when driving electrical generators to produce electricity at 50 or 60 Hz 
A problem arises with such engines when run at partial load, since the 
rotafonal speed of the low pressure compressor <LPC) which is coupled to 
the generator is fixed and thus the amount of compressed air delivered to 
the next compressor stage, which is usually the intermediate pressure 
compressor „PC>. wou.d normally be constant and would be more than that 
requ.red by the engine core. In order to alleviate this problem it is usual to 
bleed air from the Inter compressor duel (.CD) to atmosphere. The .CD 5 
typ.cal.y a converging annular duct, "swan necked" in cross section which 
loins the LPC to the IPC. This b.eeding of air is problematic for two reasons 
firstly, it affects the flow of air within the .CD and increases its total 
pressure loss. Secondly. It results in poor distribution of flow at tho in.et to 
the IPC which causes off-design operation of the compressor and a reduction 
in efficiency. 

The .CD bleed-off can be seen as a flow bifurcation with two 
s.gn,fi C ant features: the b.eed air flow experiences a sudden expanse 
extenor to the swan-neck air duct, whl.e the main flow remaining within p, 0 
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due, effectively experiences an ir,:.- s ,-. s . In area, an adverse pressure 
9 rarj,en, and poor diffusion which -an causo boundary >ayer separate 
especially a, the inner .CD wa... The latter flow is S overned by the pr,ncip.es 
of subsonic diffusion for which the area ratio (ARJ and non-dimensional wall 
length (L/D, are the principle determinants of opumum geometry for straight 
walled diffusers. 


Up until now. the excess air has been bled off in one of two ways In 
one method excess air is bled off by an assembly of discrete 
crcumferentlally spaced bleed flaps located on the outer well of the ICo' 
These bleed flaps open outwards, being hinged a, their upstream ends. U S 
Pat. No. 5.261 .228 to Shuba entitled "Apparatus for B.eeding Air" describes 
an apparatus tha, is typical of this arrangement. Shuba uses .en bleed valves 
wh,ch are circumferentially spaced apart from ,ach other around the axis 
of the engine. The other method is described In U.S.Pat.No.5.279 10S of Liu 
et al. entitled "Gas turbine engine variable bleed pivotal flow splitter- The,, 
method employs a circumferentially disposed plurality of pivotal flow splitters 
wh,ch are pivotally mounted a, their downstream ends and which have 
means to plvo, the leading edges of the splhters into the compressor 
flowpath. m both cases the bleed valves or splitters have their adjacent 
edges cpaceo apart and provide a discontinuous surface ,o, diverting the 
flow outwardly. 

Both concepts result in ai, bemg bled off from ,he outer wall of the 
ICD and can be categorised as wide angled, non-cominuous diffusers The 
method by which they bleed off air is problematic fo, two reasons First it 
effect, the entire flow field within the .CD; as fa, as ,„e flow remaining' in 
the .CO „ concerned, there is now a sudden area increase flow ratio of L/DI 
■n the vicinity of the open bleed valves, and this represents a major problem 
with the local diffusion. This geometric configuration can cause flow 
separauon on the inside wall of the ICD especaHy at large bleed flow rates 
when the effective area ratio of the continuing m .„, f , ow is large 
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of the 'CO,! diffuse and possib.e separated flow, pressure tosses occur and 
resuu ,n pour distribution of vetocity and total pressure a, the into, ,o the 
•PC. Secondly, the three-dimensional nature of this poor flow distribution a. 
the ,nle, ,o the IPC results in off-design operarion of the compressor stage 
and a reduction in efficiency. 


DiSClQSIirP nf 


The present Invention is based on ,he realizat.on tha, arrangements 
' ~> s,m„ar ,o those presently oeing used for vanable ,rea noaes of ie, engines 
may be adapted ,o provide a structure suitable for deflecting air flow in an 
■ CD outwardly through openings in the outer wall of the duct, and which 
overcomes drawbacks of the prior art. This type of variable area nozzle is 
composed of a circumferential array of overlapping feeves or flaps which are 
5 hinged near one end. 


Specially, the present invention is concerned with a multi-spool gas 
'urc.ne engine having an annular inter compressor duct |1CD> connecting a 
low pressure compressor to a further compressor stage, the duct having 
<-0 ,nner wa, and an outer wall and a centra, axis, in which there is provided 
bleed means fn, Ceding off a variable amount of oir from the duct The 
bleed means comp, :,. s opening means arranged circumferentfa.lv around the 
outer wa,l of the duct. pNotal.y mounted def.ector means for diverting air 
f ow,ng , n the duct outward, through the opening means, and means for 
25 s.multaneous.y pivcting the deflator means into the path of air flow.ng in 
the duct. , n accordance wth this invention, the air de f,ector means 
sompnses a circumferential array of flap, each having inner and o 
surfaces, a downstream inner end and side ed,,s, the flaps being pivota.'y 
mounted so as to be movable between an outer pes , n at which the «,p S 
- Ue cicso to the outer wall and effectively Cose the opening means, and an 
•nner position in which the flaps have their downstream inner ,-nds adiac-r- 
rhe ou.er w,i, and have their outer surfaces inclined inwardly from *he ou-r 
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wan to o.vert some of the ai, flow ,, g in the duc[ s „ lw .,^ |v thfo 
opan.ng means. A,so. sea!in 9 elements are p, ovided mmMm ^ ^ 

^ prov.ding interconnection between ,h. side edges „, adjacent Haps to 
argefy prevent radi3l flow Qf air between adjacent 

in the.r outer positions. 

™ltT !K °' adiacent " a "< - «** — ™v »° — * * 1 
1 - A " erna,ive,v ,he sea " nB e,emems ma * b ° 

.he s,de edges which overlap w „h the ed S e S of adiacen, flaps. 

The means fo, causing simultaneous p,vo.a, movement of the naps 
may „, c .ude an actuator ring movable a x ia«v revive to the due 

The generally known structure for variable area je, engine no«, Bi ,~, v 

P O.de e.ther . converging no.ie or a converging/ diverging no«,e; the 

Present mventlon makeS use only of the structure s.milar ,o that of a 
conv g no „, e |n effect variabie ^ 

tz r r ,cd so ,ha ' ,he air now is im ° — ~v - *. 

ex,, end of the nozzle. The nozzle structure is such that when a- its 
max.mum diameter, the leaves or Haps conform to the outer wail o, the .CD 
covenng the opening means and giving H„,e inference to ,he flow of a, 
hrough this due. „ there is a need to bleed of, air. the deffecto, formed by 

dl I Par " a " ¥ C '° Sed and Wi " ,he " become a ™^"> W« «™<« 

drffu er wh.ch c.ean.y divides the flow into two annular streams. The outer 
annu a r stream wi„ undergo a sudden expansion through the du , wa 
open,ng means. wh„e the inner annular main stream win pass into the 
annu,ar diffuser. and wi„ be diffused to fi„ the entire ,C0 coss selflon 

be JO" P,e ' erred emb ° &mem a " OWS lh ° '"-tiveness o, the diffuser to 
.he ICD. Th,s boundary layer, which originates within the LPC is ,hir- k 
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■red -norma, , tey gradiem ,,.,„ wa „ . s nomi;)a(|y near 
'nCp.en, separation. As . reslJ1 , ,, w „, ^ diH . cui;y negoija( 

convex su,,ace o, the ,CD wa„. This problem can be e,imina,ed by Needing 
c. .„,« , a plcnum , lhe boundafy , ay6r , hrough Mn ^ 

exbeusdng the p.enum imo the ma , n ^ 
«** passages through ,he LPC ou«e, guide vanes. 

va riabi ri 8 1 Pre,8rred 9mb0dimen, a ' S0 a " OWS ,Ur,her °<»""'««°n - 
vanab.e n,e, area annu,ar diffuse, operation by constructing , he dif(jser 

en r °" '" Sid9 SUr ' 3Ce °' " aBS l ° bte " » - ™,n 


of ,be icq ' Unhe ' a "° WS ,eadinS "—"V 

of be .CO o,e d va,ve ,o hav e reduced sens,«v,ty ,o vary.ng airstrearr, in ,e, 

l a , " " ,D a " eVia,e P ° SSibili " °' «> *>» <*«><** 

v bra„ons o, the diffuse. Heps the geometry o, the ,eadin g edge can vary in 

20 da T ane '°' 3Xial direC "° n ^ d ' r ~ 

edge will normally be made Tapered. 

es,ab, i In , eV eC ' lnOI09V "" COn " 0 " i,,fl ^ ^ ' he "»»" «-P« * we,, 
estab ,shed for.e, engine no~,es. The acuaror means. inCuding ,o,e*emp, c 
an a , or nng . ^ ^ ^ ^ ^ ^ 

annua, a,r streams and as such losses can be Kept to a min.mum. 

u-eserT" 'T ^ "™«»-us diffuse,* 

Mesentty used, and which are Known to be ptone ,n bad flow separations 
poo, „ow distnbutions and high ,osses. are rep.aced with , we,, designed 
^0 anno,, diffuse,. Tb.s y,e,ds two benefits. The ve.ocify and ,o,a, p s 

d,s,r,bu„ons seen a, ,be ,n,e, to tbe ,PC are mo,e unifo,m and botb o, Zl 
support .mproved compressor stage operation and efficiency. 
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arret Descrip tion of t frfi drawings. 

A preferred embodiment of the invention will now be described by 
way of example with reference to the accompanying drawings, in which; 

Fig.1 is a longitudinal section of part of an annular ICD showing a flap 
arrangement of the kind which can provide an annular diffuser in accordance 
with the invention; 

Rgs.2a and 2b are enlarged longitudinal sectional views of a portion 
of an annular duct showing how movable flaps may be mounted in such a 
duct to provide an annular diffuser as part of a bleed valve, and showing 
two positions of such flaps; 

Fig. 3 Is a diagrammatic view of an ICD incorporating the invention, 
with the bleed valve in the closed position, and showing the relationship to 
the LPC an j the IPC; 

1 5 Fio - 4 is similar to Fig. 3. except that the ICD bleed valve is in the open 

position; 

Fig. 5 illustrates a further embodiment of the ICD with a bleed valve 
in the closed position and a boundary bleed located on the inner surface of 
the ICD; 

20 Fi 9- 6 illustrates a further embodiment of the ICD with the bleed valve 

in the open position and boundary bleeds located on both the inner surface 
of the ICD and diffuser. 


25 Detailed Description 

Flgs.1. 2« and 2b show an annular diffuser in accordance with the 
invention, and show how this is mounted in an ICD. These drawings show 
annular duct 10 as having an outer wall 10a and an inner wall 10b. A central 
30 part of the outer wall has openings 1 1 . which communicate with a plenum 
12. A circumferential array of movable flaps 16 extends around the duct; 
these are located so that when in an outermost position (Fig.2a) they cover 
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th<* openings 1 1 , and when angled inwardly from this position (Fig. 2b) they 
can deilect a portion of the air flowing in the duct outwardly through the 
openings 1 1 . 

5 Figs. 2a and 2b show typical flaps 1 6 and their method of movement. 

Each flap, when seen in longitudinal section, has the form of a flattened 
triangle, but with a slight cylindrical curvature centered on the axis of the 
duct, and has a sharply tapering upstream end portion. Each flap is pivoted 
at a downstream outer corner 18, and each is connected at a downstream 

10 inner corner 19 to a hydraulic cylinder 20 capable of pivoting the flap 
between the positions shown In Figs. 2a and 2b. It will be apparent that In 
the first position the inner walls of the flaps close the openings 1 1 and allow 
relatively smooth flow uninterrupted flow of air in th^ duct, while in the 
second position a significant portion of the air is smoothly diverted 

15 outwardly through the openings 11. The inclination of the flaps can be 
controlled by the series of cylinders 20. 

Alternatively, instead of having separate cylinders for each flap, the 
pivots 19 could all be connected to an actuator ring, itself movable by a few 
20 hydraulic cylinders. This form of construction is known in the art of variable 
outlet jet engine nozzles. 

The flaps 1 6 are arranged as a circumferential array, designed to have 
only small gaps between the side edges of the flaps when in their innermost 

25 position (Fij.2b). In their outermost positions there will of course be larger 
gaps between these edges. In accordance vith known practice for jet engine 
variable nozzles, flexible leaves 21 are provided extending across these 
gaps. Eac'vieaf may be attached to the flap on one side and overlaps and 
slides relative to the next adjacent flap. Other sealing arrangements, already 

30 known in jet engine nozzles, are possible; for example leaves may slide in 
slots in the sides of the flaps; or the sealing elements may be extensions of 
the flaps themselves, with overlapping relationship with adjacent flaps. 

7 


BNSDOCID: <CA 2199875A1_I_> 


? i 9 9 3 7 S 


Additional flexible sealing elements 22 and 23 are provided di the 
downstream ends of the flaps, to provide a smooth transition between these 
ends of the flaps and adjacent surfaces of the ICD an _> rear plenum wall 1 2a. 
The elements 22 have their rear ends fixed to the ICD outer wall 10a, and 
5 their front (upstream) ends slide in recesses behind the rear ends of leaves 
21 . and overlap wrth the leaves so that a substantially smooth transition is 
provided. Elements 23 are fixed at their upstream ends to the outer surfaces 
of flaps 1 6, and slide relative to wall 1 2a. Both series of elements 22 and 23 
extend fully around the circumference of the ICD. 

10 

Fig. 3 shows diagrammatically a ongitudlnal section of the "swan 
necked" shaped annular ICD of a typico 1 multi-spool aero-derivative gas 
turbine engine, located between the last stagt> of the IPC (represented by 
rotor blades 34, outlet guide vanes 38) and the first stage and a half of the 
15 IPC (represented by inlet guide vanes 32, rotor blades 36 and stators 37). 
In these and subseque.it drawings, flaps 16' are shown as flat plates for 
simplicity, but it will be understood that flaps of the kind shown at 16 in 
Figs. 2a and 2b are preferred. 

20 As before, the XD is composed of two concentric walls, the outboard 

wall 10a and the inboard wait 10b. The outboard wall has an annular section 
35 with openings 11 located adjacent to flaps 16'. Attached (directly or 
indirectly) to the outboard wall 10a of the ICD is a plenum or volute case 1 2 
into which the bleed air is discharged from the ICD. The flaps 16' of the 

25 diffuser are shown in the outermost position in which the bleed valve is 
closed* Tne bleed flow is guided into the plenum or volute case by annular 
curved guide vanes shown at 40. The partially compressed LPC air is shown 
at 44, and the air entering the IPC is shown at 45. 

30 Fig. 4 is the same as Fig. 3 except that the bleed valve is shown in the 

open position, i.e. flaps 16' are shown in the retracted condition in which 
They bifurcate a;r stream 44 into two annular airstreams, 46 and 47. 
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Airstream 46 is diffused in a controlled fashion between the main portion of 
the flaps 16' and the inboard surface 10b of the ICD downstream of the 
flaps. Airstream 47 is bled from the ICD through the openings in porous 
section 35, and guided into the plenum or volute case by the guide vanes 
5 40. 


Illustrated in Fig.F a longitudinal section of the "swan necked" 
shaped annular ICD located between the last stage of the LPC (represented 
by rotor blades 34, outlet guide vanes 39) and the first stage and a half of 

10 the IPC (represented by inlet guide vanes 32. rotor blades 36 and stater 37) 
of a typical multi-spool aero-derivative gas turbine engine. The ICD is similar 
to that of Fig. 3 in having an annular section 35 with openings located 
adjacent the fteps 1 6' of the bleed valve into which air may be discharged 
from the ICD. Here however the inner wall 10a is fitted with a boundary 

15 layer bleed zone as is illustrated at 48. This zone is depicted only 
schematically, i.e. without inference of precise location or extent. The 
boundary layer bleed through zone 48 passes into a plenum 52 which is 
internally located within the inner wall 10b of the ICD, and this plenum 
communicates with main plenum 12 via passages in hollow outlet guide 

20 vanes 39 and valves 56 controlling the outlet from this oassage; these a.e 
shown in Fig. 5 in the closed position. As with the bleed valve flaps 1 6', the 
boundary layer bleed control valves 56 are actuated in unison by a unison 
rinc, and linkage. With both bleed valves closed as shown, the partially 
compressed LPC air all passes to the IPC for full compression. 

25 

Fig. 6 is the same as Fig. 5 except that the bleed valve flaps 16' and 
tne boundary layer bleed control valves 56 are shown m ihe opened 
position. In th ; s position the flaps bifurcate the airstream into two annular 
alrstreams 46 and 47. Airstream 46 is diffused in a contro.led lashion 
30 between the upstream end portion 1 6' of the bleed valve fiaps and the inner 
wall of the ICD, with airstream 47 passing into plenum 1 2. as described with 
reference to Fig. 4. In this preferred embodiment, operation is funhor 
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optimised by bleeding off the boundary layer on the inner wall 10b. This 
boundary i-./er. which originates within the LPC, is thick, tired (normal 
velocity gradient at the wall is nominally zero), and near incipient separation. 
As a result it will have difficulty negotiating the interior convex portio of the 
inner surface of the ICD wall 10a. Tnis problem can be eliminated by having 
va!.es 56 open to bleed off the boundary layer 53 through the porous 
portion 48. into the plenum 52. and then exhausting the plenum Into the 
main bleed-off air volute case 12 via Internal radial passages through the 
vanes 39. 

A further increase in effectiveness of the diffuser may be obtained by 
bleeding off the boundary layer 51 which grows on the inside surface of the 
bleed valve flaps 16', by making these flaps porous. The boundary layer 
bleed may occur as required to prevent separation from the wall surfaces 
over selected portions of thj annular surface provided by flaps 1 6', or just 
where joints occur between the flaps and the sealing elements. The 
boundary layer bleed is depicted only schematically, i.e. without inference 
to precise axial location or extent. The amount of air removed in this way is 
quite small, such as 1 or 2 percent of the total air flow. 


10 
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CLAIMS: 

1 . A mi jlti-spool gas turbine engine having an inter compressor duct ( 1 0) 
connecting a low pressure comprecsor to a further compressor stage, of the 

5 kind in vvn c;h thcte is provided Lleed mears (11,16) for bleeding off a 
variable annount of air from sa;d duct, said dL being annular and having cn 
inner wall (10b) and an outer wall (ICa) ar ~ raving a central axis, and in 
which said bleed means comprises ope li j means (11) arranged 
circumferentialiy around the outer war of said duct and pivotally mounted 

10 air deflector means (16) for deflect. r\c t air flowing in said duct outwardly 
through said opening means (1"). and means (20) for simultaneously 
pivoting said air deflector means into (he path of air flowing in said duct; 

characterized in that saio air deflector means comprises a 
circumferential array of flaps M 6) pach having an upstream end portion, a 

15 downstream inner enu, and side edges, said flaps bemg pivotally mounted 
at their downstream inner ends (1 3) so as to be movable between an outer 
position at which the flaps lie close to said outer wail !10a) and effectively 
close said opening means, and an inner positcn in whicn T >e flaps have their 
downstream inner ends near to the outer W3tl and nave thc-r upstream er.n 

20 portions inclined inwardly from :ne outer wail to dtve r : some of the air 
flowing in said duct outwardly through said opening means; 

and further characterized n that seaiing elements (21, 221 are 
provded movable wi r h said flaps and providing inte. connection between ;re 
side edges of adjacent flaps to largely Prevent radial Mow at air between 

25 aciacent flaps wnen the flaps are in 3;! tneir positions. 

2 A gas turb^e according to claim 1 , wherei r; sc\C r >e;* : .r-g elements are 
eaves (21 ! hiivirtj " eir edges ove r aup»ng with :nc s do edges of adjacent 
'laps. 

30 

3. A gas turbine according :c c'.a ; .m 1 . wherein said sea ng e orients a:e 
carried by s'-c:s t. the side edges of adjacent Haps. 


1 1 
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4. A gas turbine according to claim 1 , wherein said sealing elements are 
extensions of the side edges of said flaps which overlap with the side edges * 
of adjacent flaps. 

5 5. A gas turbine engine according to claim 1, wherein the means for 
causing said axial movement of the flaps is an actuator ring connected to all 
of said flaps. 

6. A gas turbine engine according to claim 1, further characterized in 
10 that there are provided openings (48) in said inner wall which lead into a 
chamber connected to a plenum (12) by valve means (56). said valve means 
when open allowing air adjacent to said inner wall to be bled off from said 
duct. 

15 7. A gas turbine according to cla;m 6, wherem said cnamber is 
connected to said plenum by passages in outlet guide vanes (39) of said low 
pressure compressor, said valve means (56) regulating the flow of air in said 

passages. 


12 
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Fig. 2b 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 


BNSDOCID: <CA 2199875A 1 I > 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 


FADED TEXT OR DRAWING 
□ijLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

STlINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


THIS PAGE BLANK ojspto) 


